Objective. Although the rate of smoking among women giving birth in the United States has declined steadily from 19.5% in 1989 to 11.4% in 2002, it still far exceeds the Healthy People 2010 goal of 1%. The objective of this study was to estimate the costs of a recommended five-step smoking cessation counseling intervention for pregnant women.
Smoking during pregnancy is associated with many adverse pregnancy outcomes: low birthweight, problems with infant health and development, intrauterine growth retardation, spontaneous abortion, and sudden infant death. 1 In 2001, the rate of low birthweight among babies born to mothers who smoked was nearly two-thirds higher than for nonsmoking mothers. 2 Low birthweight can pose serious health problems throughout the infants' lives.
Maternal smoking also results in substantial health care costs, 3 most of which are immediate, including increased use of neonatal intensive care units, and hospital stays and services. 4 In 1996 alone, costs at delivery for infants with problems caused by prenatal smoking totaled about $366 million in the United States. 5 Adverse outcomes are preventable and costs can be significantly reduced with effective smoking cessation intervention during pregnancy.
Little is known about the costs of implementing effective interventions within our current health care system. This study estimates costs of a recommended smoking cessation counseling intervention for pregnant women, and in turn compares these to potential cost savings from averted adverse outcomes. The fivestep best practice smoking cessation counseling intervention used in this study was delivered within 5-15 minutes by a trained provider using pregnancy-specific self-help materials. This technique, known as the 5 A's, has been shown to produce quit rates that are significantly higher than those achieved through usual practice. 6 Costs of implementing the 5 A's were compared across three different settings: (1) a clinical trial, (2) a national pregnant smokers quit line, and (3) a rural managed care organization (MCO).
BACKGROUND STUDIES
Although the smoking rate among women giving birth in the United States has declined steadily from 19.5% in 1989 to 11.4% in 2002 (a 42% decline), 7 it still far exceeds the Healthy People 2010 goal of 1%. 8 Several studies have estimated the costs attributable to this continued smoking, [9] [10] [11] [12] and others have examined costs and effects of smoking cessation interventions. [13] [14] [15] [16] Ershoff et al. evaluated a prenatal health education program within a health maintenance organization. 13 This yielded a benefit-cost ratio of approximately 2:1. Ershoff et al. also conducted an economic evaluation of a self-help program consisting of printed materials and found a benefit-cost ratio of 2.8:1. 14 Windsor et al. conducted a cost-effectiveness analysis of a randomized trial that assigned pregnant women to one of three groups. 15 All groups received standard clinic information. In addition, the second group received a general smoking cessation manual while the third group received a pregnancy-specific smoking cessation manual. Given the end-of-pregnancy quit rates and the intervention cost per patient, the third group was the most cost-effective, achieving a higher smoking cessation rate at less than half the costs of the other two. Another early study asserted that a program costing $30 per participant would save $3 for every dollar spent. 17 Finally, Hueston et al. examined the cost-effectiveness of a smoking cessation program conducted during the first trimester of pregnancy. 18 The program was shown to be cost-effective for preventing low birthweight if it costs $80 or less per pregnant woman.
THE 5 A'S INTERVENTION
Although earlier studies suggest that smoking cessation interventions geared to pregnant women are costeffective compared with usual care, many did not include pregnancy-specific self-help materials. Yet, such materials have been shown to significantly increase quit rates among pregnant women. 19 We evaluated the costs of implementing a 5-to15-minute five-step cessation counseling intervention delivered by a trained health professional who also provided pregnancyspecific self-help materials. This intervention, known as the 5 A's, was based on recommendations found in the U.S. Public Health Service's Clinical Practice Guideline, Treating Tobacco Use and Dependence. 20 The five components of the intervention include: Ask, Advise, Assess, Assist, and Arrange ( Figure 1 ).
Due to concern about deception rates and the validity of self-reported smoking in intervention trials of previous studies, a multiple-choice response format was developed for the "ASK" step, assessing the pregnant woman's smoking status and improving disclosure ( Figure 2 ).
The 5 A's are currently being implemented in different settings and among diverse populations of pregnant women across the country. The intervention encourages women to quit smoking permanently, not just for the duration of the pregnancy. This study was unique in that data were collected and compared across three disparate settings: (1) a clinical trial, (2) a national pregnant smokers telephone quit line, and (3) a rural MCO. The basic characteristics of each intervention site are shown in Table 1 . The clinical trial was held in a public clinic setting serving primarily lowincome pregnant women on Medicaid. The study population, which comprised 46 pregnant women from six Title V prenatal care agencies in the northeastern data were obtained from seven participating states (nϭ408). Women who called the quit line received up to eight counseling sessions with a trained counselor, a pregnancy-specific educational booklet, and a video on pregnancy and smoking cessation. After the initial call to the quit line, the woman received her first counseling session, set a quit date, and scheduled a second session, usually for one-two days before the quit date. The third counseling session was conducted on the scheduled quit date, and the fourth through sixth sessions were scheduled from about four days to one month after the quit date.
The third setting was a rural MCO that served approximately 132,000 members in a western state. The delivering physicians, certified nurse midwives, and trained counselors in a rural county that were part of the MCO received training on the 5 A's intervention. The intervention was integrated into routine prenatal care visits at nine delivering offices and included several unique components: a neon green sticker for use on prenatal charts to remind providers to ask their patients about their smoking status at each visit, a provider training sheet, and a pregnancy-specific selfhelp smoking cessation booklet with a lollipop on it. Data collected from this setting were based on 419 pregnant smokers counseled.
METHODS
Before attempting to measure intervention costs, one must first determine a study's perspective, the types of costs to include/exclude (e.g., fixed vs. operating, direct vs. indirect), and how to treat costs for training and development. For this study, the provider perspective was used in measuring intervention costs, because a basic assumption was that the intervention would be implemented as incremental changes to an ongoing clinical practice or telephone quit line and not require additional capacity. Therefore, the provider would incur the incremental costs to their practice or pay for an existing intervention. Consequently, in determining intervention costs, development costs (which are "sunk" or nonrecoverable) and research/ evaluation costs were not included. Neither were direct costs (e.g., travel costs) nor indirect costs (e.g., lost time at work) incurred by the patient due to participation and not accrued to the provider. Finally, costs for the use of facilities were excluded. Thus, the key cost categories were: (1) personnel (or labor), (2) materials and supplies, (3) incentives paid to participants, (4) use of equipment, and (5) The second setting was a national smokers telephone quit line that had added a counseling module specifically for pregnant women, integrating the 5 A's;
To calculate personnel costs, we used a time-motion study to determine time spent implementing the 5 A's in each setting. After making several timed observations in each setting to estimate the average time to complete the intervention, we calculated total labor costs by multiplying the mean times recorded by the reported hourly wage and fringe benefit rate paid, based on the skill level of the participating personnel. Personnel costs varied from one setting to another as well as within settings. For example, in the MCO, average wages ranged from $9 per hour plus fringe benefits for a trained counselor to $130 per hour for a physician in a provider's office. To determine personnel costs per pregnant smoker, data were compiled on the number of counseling sessions each woman received, which varied by setting and how early in the pregnancy the participant presented to the provider.
We also calculated costs of materials, supplies, participant incentives, and use of equipment within each setting. These included $5 gift certificates for women who completed the intervention (clinical trial), videos mailed to pregnant smokers (quit line), stickers (MCO), and pregnancy-specific self-help materials (all settings). To estimate these costs, we gathered data on the per-unit costs of self-help materials distributed. Because the ultimate intent was to determine intervention costs per pregnant smoker, we also collected data on the average number of materials provided to each participant.
To estimate training costs, we gathered data on the number and type of personnel who gave and who received training along with time spent and salary plus fringe rates. These were direct costs for trainers and measures of "opportunity costs" for those trained. Average costs of instructional materials and supplies were also included. Training expenses varied widely depending on how much time was spent per training session, size of the training class, and number of pregnant women who were subsequently counseled within a given time frame. Time spent training counselors to work the quit line far exceeded the time spent training the MCO physicians, but was compensated by the lower opportunity costs of counselors vs. physicians and the greater capacity of the quit line counselors to counsel more women within a given time frame.
RESULTS
Across the three settings, smoking cessation counseling was provided by trained personnel ranging from counselors, to certified nurse midwives, to physicians. The average time spent per session across sites ranged from five minutes in the MCO to 13 minutes in the clinical trial ( Table 2 ). The time spent counseling pregnant women also varied among MCO providers: physicians (MCO-II) generally spent less time counseling than nurse practitioners or counselors (MCO-I). Combining time spent with salary/fringe rates, the average counseling cost per session ranged from about $3 in the quit line to a high of about $10 in the MCO (Table 2) . Within the MCO, the cost per counseling session ranged from $5 to $10 due to the difference in salaries of counselors vs. physicians as well as time spent per session. The number of counseling sessions each woman received also varied across the settings; for example, in the MCO, an average of two counseling sessions per person were provided vs. three sessions in the clinical trial. Based on the detailed quit line data, callers received an average of five sessions, including the intake call. Of the 408 pregnant callers in the study sample, only 16 received all eight counseling sessions that comprised the full protocol.
A large percentage of the total intervention costs were for training. These ranged from about $8 per woman in the clinical trial to $12 in the MCO ( Table 2) . While the time spent on training varied widely across the settings, from 45 minutes to three weeks, differences in training costs were not as varied. Physicians (who had higher opportunity costs than the counselors at the quit line) spent 45 minutes, while counselors spent three weeks in theory, practice, and mentoringbased training. However, each quit line counselor reached a significantly larger number of women than the physicians did, thus lowering the counselors' average training costs per pregnant smoker. Per-unit costs of materials provided for the intervention, also shown in Table 2 , ranged from $2 in the MCO setting to $6 in both the quit line and clinical trial settings. The clinical trial provided $5 gift certificates in addition to selfhelp materials, while the quit line mailed out videos and the self-help materials, and the MCO gave only self-help materials.
Total costs for each intervention were derived by adding the costs of counseling, training, and materials. The estimated total costs per pregnant smoker of implementing the 5 A's intervention ranged from $24 to $34 across the three settings ( Table 2 ). The widest variation occurred within the MCO due to the higher cost per unit of time for physician counseling.
POTENTIAL NEONATAL COST SAVINGS
One reason for estimating the cost of the interventions was to gauge their potential for actually saving money. To do this we used estimates of average costs averted from a quit, potential quit rates, and the estimated costs of the intervention. The Centers for Disease Control and Prevention's web-based software, the Smoking Attributable Morbidity, Mortality, and Economic Costs (SAMMEC), 21 
now includes a Maternal
and Child Health module designed to assist in this calculation. Statistical analysis was used to estimate the relationship of a woman smoking during pregnancy and the probability that a child will be admitted to a neonatal intensive care unit, and the infant's length of stay. These costs include only direct medical costs for resource utilization provided to infants during their initial hospital stay. National and state-specific estimates of smoking attributable neonatal costs (SAE) per woman can be obtained from the SAMMEC software. 21 The excess neonatal cost for infants of mothers who smoked was estimated at $704 per maternal smoker in 1996 dollars or $881 in 2002 dollars (adjusted for inflation using the medical care measure of the consumer price index). 22 The excess neonatal costs per maternal smoker are the potential cost-savings that could be accrued from the reduced use of a neonatal intensive care unit, shorter lengths of stay, and decreased service intensity achieved from women who quit smoking during pregnancy as a result of an effective intervention. For illustrative purposes, assume that 25% of the number of estimated maternal smokers in the U.S. are reached for intervention through counseling, and the demonstrated 30% to 70% increase in the quit rate is achieved over a baseline quit rate of 14%; 6, 8 then about 5,460 to 12,740 additional women would quit smoking during pregnancy. Potential neonatal cost savings of $881 per maternal smoker for these incremental quits would result in approximately $5-$11 million in excess neonatal costs averted. Table 3 shows the possible range of net savings (or costs) if each pregnant smoker reached by this intervention received counseling at an estimated incremental cost range of $24-$34.
If the intervention costs $24 per pregnant smoker counseled, and the intervention achieves a 30% increase in quit rate over the baseline quit rate of 14%, there could be a net savings of about $1.7 million. However, if the intervention costs $34 per pregnant smoker counseled, there is a net savings of about $390,000. At the high end of effectiveness (i.e., a 70% increase over baseline), net savings for this illustration range from $6.8 million if the intervention costs $34 per pregnant smoker counseled to almost $8 million if the intervention costs $24 per pregnant smoker. If the mothers remain smoke-free, costs could be further reduced and outcomes improved in both the short and long term. These estimates, however, may overestimate the incremental costs of the 5 A's if practitioners already include some of this counseling in their usual practice. Of note is the finding that when the intervention effectiveness is on the lower range-for instance, the intervention is not very effective with heavy smokers (Ͼ20 cigarettes per day)-and if the costs of implementing the intervention are in the high range, the intervention may produce net costs. An earlier study estimated a break-even point for cessation programs during pregnancy at $32 per pregnant woman. 23 
DISCUSSION
This study has several limitations. First, cost data from only three settings were collected. Intervention costs may vary for providers in other settings, especially in those that are markedly different from the settings used. Whether those costs are higher or lower than the cost estimates presented here is hard to predict, other than taking into consideration long-standing differences across geographic areas in terms of costsof-living and doing business. For example, costs would probably be higher in the more urbanized areas of the northeast than in other parts of the country and in more rural areas, even if the characteristics of the practice settings were similar. In addition, the analysis was limited to point-intime estimates. If data were collected for the analytic horizon in each setting, the number of women served would increase, which would lower per-unit costs, especially for interventions with high training costs. This is important for health care planners/providers to consider. The number of staff originally trained should be adequate to serve clientele over the long term as the intervention becomes more mature and utilization increases. Despite these limitations, the range in estimates is quite small and provides information regarding three different methods of real life implementation of the 5 A's.
The costs of the 5 A's may vary depending on the intensity and nature of the intervention, but this analysis shows a surprisingly narrow range across the three disparate settings. Cost estimates presented here varied depending on the range in time spent on counseling (which differed between physicians and trained counselors), the numbers of pregnant smokers counseled by trained staff, and the use and costs of materials within each setting. Training costs are a large por-tion of total costs seen in these settings; a key aspect of lowering costs is to expand the scope of the intervention in order to reduce the training costs per woman served.
Clearly, each of the settings studied approached the implementation of the 5 A's differently. Because the MCO used both counselors and physicians, who are higher cost, its per-smoker costs were the highest of the three settings. Yet, in order to encourage more women to participate in these programs, it is essential for physicians to recommend them; physicians' advice is a key factor in the patients' use of preventive services. 24 Indeed, an intervention that incorporates physicians may, in the long term, prove to have lower costs per pregnant smoker as economies of scale from training are realized.
Although this article provides valuable information on the costs of a counseling-based intervention in current practice settings and compares these with estimated potential cost savings, measures are not provided on the effectiveness of the intervention in each setting. It is most likely that the somewhat different approaches taken to implement the 5A's in our study resulted in different quit rates. If they varied significantly, one approach would be more cost-effective than the other two, and it would be important to ascertain this.
Finally, both the incremental costs of a counselingbased intervention and the potential costs averted may vary with the population being served. For example, even the same smoking cessation program (e.g., the 5A's) aimed at women with multiple risk factors or women who started prenatal care in the third trimester might cost more if they need to be more intensive than those programs examined here. Thus, a complete prospective cost-effectiveness analysis should be conducted, not only across alternative settings, but also different populations that can perhaps be targeted for early and/or more intensive interventions.
